A 41-year-old-woman presented with a 10-year history of left lower leg pain distributed from the midportion of the lower leg to the foot and ankle. She had no history of relevant trauma or constitutional symptoms suggesting systemic illness. Shortly after the pain began she was seen at another hospital; no radiographs were taken but she had an MR scan (Fig. 1 ). The MR scan showed cortical thickening and bone marrow edema, suggesting chronic inflammation. The patient experienced little relief of her leg pain with 4 weeks of rest. The patient tolerated the pain for 8 years, then her leg pain worsened and she underwent an open biopsy of the bone at the midshaft of the left tibia at another hospital. The bone biopsy reportedly revealed chronic inflammation and osteoporosis. She was diagnosed as having low-grade osteomyelitis at the time. After biopsy the pain immediately subsided. However, the pain recurred 1 year after the biopsy and subsequently progressed. She presented to us 1 year later (2 years after the initial biopsy). There was no relevant familial history. A physical examination showed no swelling, redness, or warmth. There was localized tenderness over the anterior midshaft of the left tibia. The ranges of motion of bilateral hips, knees, and ankles were full.
History and Physical Examination
A 41-year-old-woman presented with a 10-year history of left lower leg pain distributed from the midportion of the lower leg to the foot and ankle. She had no history of relevant trauma or constitutional symptoms suggesting systemic illness. Shortly after the pain began she was seen at another hospital; no radiographs were taken but she had an MR scan (Fig. 1 ). The MR scan showed cortical thickening and bone marrow edema, suggesting chronic inflammation. The patient experienced little relief of her leg pain with 4 weeks of rest. The patient tolerated the pain for 8 years, then her leg pain worsened and she underwent an open biopsy of the bone at the midshaft of the left tibia at another hospital. The bone biopsy reportedly revealed chronic inflammation and osteoporosis. She was diagnosed as having low-grade osteomyelitis at the time. After biopsy the pain immediately subsided. However, the pain recurred 1 year after the biopsy and subsequently progressed. She presented to us 1 year later (2 years after the initial biopsy). There was no relevant familial history. A physical examination showed no swelling, redness, or warmth. There was localized tenderness over the anterior midshaft of the left tibia. The ranges of motion of bilateral hips, knees, and ankles were full.
Other than a hemoglobin level of 10.6 g/dL, she had normal laboratory findings. No leukocytosis was evident, and the erythrocyte sedimentation rate (ESR) was 20 mm/ hour (normal range, 0-20 mm/hour), C-reactive protein was 0.01 mg/dL (normal range, 0-0.5 mg/dL), and serum alkaline phosphatase (ALP) was 41 IU/L (normal range, 30-115 IU/L).
Plain radiographs, MRI, and technetium-99 bone scan (Tc-99 MDP bone scan) were obtained (Figs. [1] [2] [3] [4] [5] [6] . Based on the history, physical examination, laboratory studies, and imaging studies, what is the differential diagnosis at this point?
Imaging Interpretation
We reviewed the plain radiographs, MRI, and Tc-99 MDP bone scans obtained at our institution and those obtained previously.
When the patient's pain began in 1997, MRI of the left lower leg showed an area of cortical thickening and irregular periosteal reaction in the distal fibular shaft with mild surrounding marrow edema ( Fig. 1 ). No plain radiograph was taken at the time.
Eight years later, when her symptoms increased, plain radiographs ( Fig. 2 ) revealed cortical thickening, thick wavy benign-appearing periosteal reaction, and increased density of the intramedullary bone in the left fibular diaphysis. Similar, but less prominent findings were seen in the right fibular and left midtibial diaphyses. There was Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent licensing arrangements, etc) that might pose a conflict of interest with the submitted article. suggestion of early subtle changes in the right midtibial diaphysis. MRI ( Fig. 3) showed an area of cortical thickening and intramedullary low signal in the left midtibial shaft correlating with the increased density seen on the plain films with prominent surrounding marrow edema. Similar, but less striking findings were seen in the right tibia and both fibular shafts. The Tc-99 MDP bone scan ( Fig. 4 ) of the left tibia showed increased uptake of the radiotracer in the lesion with areas of lesser uptake in the left fibula and the left midfemoral diaphysis.
Two years later (10 years after initial onset of symptoms), the patient presented to our institution. On the repeat radiographs in 2007 ( Fig. 5 ), all of the previously described lesions showed progression with near obliteration of the intramedullary canal in the left tibia, and obvious, but less striking involvement of the right tibial and left midfemoral diaphyses. A repeat Tc-99 MDP bone scan ( Fig. 6 ) showed stable findings in the left tibia with increased uptake in the left femur and a new subtle area of uptake in the right midtibial diaphysis.
Imaging studies showed all lesions were on the diaphysis and invaded asynchronously. The most obvious characteristic was of endosteal hyperostosis, but cortical hyperostosis, periosteal reaction, and adjacent bone marrow edema also were observed on MR scans.
Differential Diagnosis

Ribbing disease Camurati-Engelmann disease Intramedullary osteosclerosis Erdheim-Chester disease Chronic multifocal sclerosing osteomyelitis Hardcastle syndrome
We performed an incisional biopsy of the midshaft of the left tibia in the region of the dense bone. The bone was so hard the biopsy was difficult to perform even with power drills. No signs of inflammation were evident.
Based on the history, physical examination, laboratory studies, imaging studies, and histologic picture, what is the diagnosis and how should the patient be treated? 
Histology Interpretation
Grossly, the soft tissue specimen was white-gray and contained bony fragments. Permanent histologic sections revealed thickened trabeculae of lamellar bone with various sizes of the Haversian system ( Fig. 7A ). Some regions had empty lacunae (Fig. 7B ).
Diagnosis
Ribbing Disease
Discussion and Treatment
Clinical and radiologic features of our patient showed asynchronous bilateral diaphyseal involvement of long bones with surrounding bone marrow edema. Those features combined with the absence of inflammatory signs confirmed laboratory findings, and analysis of the biopsy specimen suggested Ribbing disease.
We considered the primary differential considerations to be Camurati-Engelmann disease, intramedullary osteosclerosis, Erdheim-Chester disease, chronic multifocal sclerosing osteomyelitis, and Hardcastle syndrome. Camurati-Engelmann disease, an autosomal dominant disorder, manifests as pain, progressive leg weakness, elongated extremities, and gait disturbances [10] , and is characterized by a symmetric and bilateral distribution with an onset during childhood, whereas Ribbing disease is either unilateral or asynchronous bilateral as in our patient. In addition, Camurati-Engelmann disease is associated with gait and neurologic abnormalities, which are absent with Ribbing disease. Radiographically, Ribbing disease resembles Camurati-Engelmann disease, but Ribbing disease involves only the long bones, whereas Camurati-Engelmann disease can affect the long bones and other bones formed by intramembranous ossification, such as the skull [19] . Intramedullary osteosclerosis is an abnormal intramedullary new bone formation located mainly in the shaft of a long bone, especially the tibia, in adults [1] . It is a rare condition and is more common in females. Furthermore, it shows no familial effect and no relationship with infection, trauma, or systemic illness. Laboratory findings are typically normal [1, 2, 5] . Some studies suggests absence of an hereditary pattern, female predominance, mechanical pain, and absence of periosteal hyperostosis favor intramedullary osteosclerosis [2, 5] . However, several other studies suggest these differential points are not diagnostically useful in many cases [9, 12, 17] . The presence or absence of associated reactive marrow edema can be used to distinguish intramedullary sclerosis from Ribbing disease. Whereas intramedullary sclerosis is characterized chiefly by increased bone density, Ribbing disease usually shows edema and enhancement on T2-weighted and postgadolinium T1-weighted MR images, respectively, in the adjacent marrow and surrounding soft tissues [2, 5, 9, 12, 17] .
Erdheim-Chester disease is a rare condition characterized by an abnormal increase in histiocytes, and usually occurs during middle age. It has some histiocytic disorder-favoring signs like exophthalmos, diabetes insipidus, and fever. In addition, biopsy specimens of Erdheim-Chester disease lesions differ from those of Ribbing disease. Erdheim-Chester disease lesions have histiocyte proliferation and immunonegativity for S-100 protein [20] . Radiographically, the metaphysis is involved in most patients with Erdheim-Chester disease, and in some cases a bone mass is present, especially on the ribs or knees [20] . The laboratory findings of chronic multifocal sclerosing osteomyelitis are characterized by elevated ESR and leukocyte count, but laboratory findings for our patient were within normal limits except for a moderately diminished hemoglobin level. Furthermore, histologic findings did not indicate the presence of an infectious condition in our patient.
Hardcastle syndrome is characterized by diaphyseal medullary stenosis of long bones surrounding cortical thickening. However, contrary to Ribbing disease, Hardcastle syndrome manifests as a history of pathologic fracture after minor trauma, radiographs showing multiple permeative cortical radiolucencies and longitudinal metaphyseal striations, and malignant transformation between the second and fifth decades of life [6, 13] .
Ribbing disease is a rare condition of unknown etiology reflected by a sclerosing dysplasia of the diaphyses of long bones. It was first described by Ribbing in 1949 [14] . The tibia and femur usually are involved, but it also affects the fibula, radius, and ulna. The disease is asymmetric or asynchronous bilateral, and is suspected to show an autosomal recessive trait [2, 17, 19] . It occurs after puberty and is more common in females [19] . The typical presenting symptom is bone pain [3] , which may be associated with swelling [17, 18] . Furthermore, the pain appears to be resistant to medication [2, 18] , and to be associated with physical activity [12] . In the absence of specific treatment, it can resolve spontaneously with time or progress [9, 12] . Radiographically, the cortical thickening involves the diaphyses of long bones, with sparing of the epiphysis [12] . The medullary canals may be narrowed. On MR images, the intramedullary and bone marrow edema are characteristic of Ribbing disease [12, 21] . Histologically, the most commonly described findings are increased cortical thickness and Haversian canal narrowing [3, 8, 10, 11, 14] , but the histologic findings of Ribbing disease are not pathognomonic [3] . Our patient had atypical regions of bone with empty lacunae, perhaps as a result of necrosis from the previous biopsy. However, as nonspecific destructive and reparative changes have been reported in a patient with asynchronous progressive diaphyseal dysplasia [16] , we did not think we could completely exclude the possibility, although probably low, of a new pathogenesis with clinical features of Ribbing disease but with bone necrosis. Laboratory findings are usually within normal values [3, 18] .
Given the absence of known etiology but based on the belief that bone marrow edema causes pain, many authors have advocated intramedullary decompression, whether by reaming, curettage, or by making a window at the lesion, for pain relief [3, 4, 7, 9, 10, 15, 21] .
We treated our patient with intramedullary reaming. When the patient returned to our clinic 2 months later, her left lower leg pain had subsided. Comparisons of plain radiographs taken before (Fig. 2) and after (Fig. 8A) the first biopsy showed that the tibial medullary canal had been opened. However, endosteal hyperostosis then slowly progressed and almost completely obliterated the medullary canal as observed on the followup radiograph taken Fig. 7A-B (A) The permanent histologic section showed thickened trabeculae and a variably sized Haversian system at the sclerotic bony lesion. (B) Some portions of the histologic specimen showed many empty lacunae which could suggest dead bone fragments. Those empty lacunae may be the result of bone necrosis from the previous biopsy (Stain, hematoxylin and eosin; original magnification, 9200).
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Ribbing Disease 325 1 year after the first biopsy (Fig. 8B) , and her pain redeveloped at approximately the same time. We presume that decompression resulted in pain relief and that obliteration of the medullary canal caused recurrence of the pain.
Approximately 1 year after the initial intramedullary reaming on the left, pain also developed in her right lower leg and she had progressive diaphyseal hyperostosis observed on radiographs. She subsequently underwent intramedullary reaming of the right tibia shaft, and the last followup plain radiograph showed a well-maintained open medullary canal in both tibiae, with relief of symptoms. Medullary decompression appears to be important in pain relief although it does not correct the primary cause of disease.
